Abstract -
INTRODUCTION
Design becomes an important part of an engineer's professional work and in their studies a student of engineering may have limited opportunities to experience a 'work-like' design problem in their discipline of study. Indeed there will be different design skills required between disciplines, mechanical engineering students will likely encounter different problems to software engineering students. Individual students will develop these skills at different rates and because of the nature of design it may take longer to develop this ability than say mathematical ability which can have a rapid feedback (the mathematical solution is either correct or incorrect).
Atman and others [1, 2] has studied the design stages that either students or practitioners of engineering go through. This was done by using small pen and paper designs with vocal protocols being used and assessed by a trained evaluator. That is usually, the designer is asked to speak aloud as the design is done and that is recorded and then assessed into discrete design activities by an observer of the recording. The general result shows that good designers take an iterative path through the design activities for their designs rather than a single path for weaker designs.
In this work we wanted to examine the design activities students undertake as they progress through their student projects and compare them to these earlier findings based upon short pen and paper designs. The reported work here is preliminary, as the initial processes for recording the various design activities were to be set up and examined for refinement for longer term studies.
The present study has been modeled on previous research into the design process carried out by the Centre for Engineering Learning and Teaching (CELT) [3] . In the prior studies, junior and senior students and established engineers carried out a design project unrelated to their specialization while verbalizing their activities to be recorded. The CELT researchers then transcribed the recordings to generate minute-by-minute breakdowns of each participants' design process. Additionally, engineering design is introduced in earlier courses, with design projects. These design courses typically have fewer lecture hours so that the majority of the teaching and contact time is in the laboratory. Students typically are introduced to team work in groups of four to work on a term-length design project.
Problem Definition
Our objective is to conduct a quantitative survey of the design activities undertaken by students when completing design projects during their course of study. Design is taught at several points in a student's curriculum, within content courses as well as targeted design courses. The capstone project in fourth year typically represents the culmination of experiential learning where students are expected to work on a problem. This Design Process Survey is intended to gather information on a student's approach to solving design problems in their courses or during their capstone design project. This information will be used to improve the teaching of design to future students.
The proposed research project is substantial in scope and demands a sustained and possibly large data collection effort over the course of a year. Data collection, storage and analysis, as well as student participation, were of concern. A pilot study was conducted in the 2012-2013 academic year with the following research goals: (1) Develop an automatic and accessible method for data collection based on self-reporting. (2) Evaluate the effect of self-reporting, specifically answering these research questions: a. What are the validity and reliability of selfreporting? b. Can the effort of self-reporting be sustained over the course of a year? (3) Perform a preliminary analysis of the transferability of the academic findings to the classroom.
Solution
A web service was developed for students to enter their design activities. A reminder email was sent weekly on each Monday, providing a unique URL link to each student by which they would submit a record of their design activities while working during the previous week on a particular course project. The submitted data is stored in a SQL database.
The web form presented to the students via the private URL link presents a set of design activities as named in the CELT design study [3] .
Significance of the results
The design process survey was conducted for the academic year 2012/2013 over the three departments of Mechanical, Electronics and Civil. Out of a total sample size of 259 fourth year project students, a total of 99 students participated over the course of the academic year, with 23 students providing consistent weekly submissions.
At the time of publication, only the data for the capstone projects has been analysed. The data for projects done in other term courses have been collected but not yet analysed. Also, final grades were not available so no analysis concerning grades could be made. At a macro level, over all students, the data for the trial run reproduces the results of the CELT study. Analysis of the submissions suggests that the effort can be maintained. Data shows some need for improving the web interface to restrict the data and there is a need for improved preparation or training of the students regarding their reporting of their design activities.
The design process survey is documented and posted publicly at [4] as part of the information and openness both required by Research Ethics and sought to achieve buy-in and give thanks to our research participants.
The Design Process Survey

Online Design Process Survey Form
Each week, students were asked to indicate which two design phases they had spent most of their time on from the week prior. This information formed a weekly "Design Process Journal" that would be scrutinized, as well as returned to the students to look back and see where they spent most of their time.
The contents of the weekly journal is quantitative in nature, following the categorizations of the CELT study [3] . Two values are submitted by the student: the two design activities on which the student spent most of their time during the previous week, called the Primary and the Secondary activity. A dropdown menu in the web form was used to restrict inputs to a set of nine activities, taken as a subset of the design phases identified in [3] and shown in Table 1 .
The form was sent to each student through a unique URL formed from the combination of that student's number and the current week.
FIG 1. Online Weekly Activity Log
A database held three tables: the list of students (including their department, stream and ultimately their final grade), the list of projects (including the department or course, the number of students, and the faculty supervisor) and the weekly logs with entries crossreferenced to the student's identifier.
Preparation or Training
The survey relies on students correctly reporting their design activities. The web form shown in Figure 1 includes at the bottom the definitions of each activity shown in Table 1 . Introductory presentations were also given to the capstone students at the beginning of the year.
RESULTS and DISCUSSION
At the time of publication, only the data for the capstone projects were analysed.
Self-Reporting Participation
Participation was voluntary and was not monitored, to ensure anonymity until the data is coded. A first concern is the participation rate. Figure 2 illustrates the participation rate as defined by the total number of submissions for each week, from September to April. Terms are nominally thirteen weeks long. Weeks 14 and 15 correspond to the exam period and Christmas break in December. Week 18 is the winter study break. With two exceptions, the participation rate is above 30, a minimal but acceptable sample size for this initial study. Montreal, QC; June 17-20, 2013 -4 of 5 -
FIG 2: Participation Rates
A second concern was in maintaining consistent participation. Ideally, the data would contain a complete journal of activities for a single student over the entire course of the year. Figure 3 depicts the sustained rate of participation with each bar showing the number of students who submitted a given number of activity reports. With a skewed mode=1 with 18 students submitting only once over the whole year, it is evident that best intentions easily fail, and that the drop-out rate is very high. The second mode on the right (18-23) does provide promise that students can maintain the effort over the course of the year. 
Validity and Reliability
In the CELT study, observers were trained on how to interpret and map a student's activities onto the nine design activities. The training would ensure both validity and inter-rater reliability.
An indicator of the inter-rater reliability of our selfreporting survey is provided by the option "No Project Work Done". The data showed that this option was selected as the Primary Activity by 53 students, and as the Secondary Activity by 147 students, over all weeks. The two numbers should be equal. If there was a Primary Activity (no matter how small in time or effort) and there was no time for anything else, the Secondary Activity should be the same as the Primary Activity. The data suggests that students mistook the words "Primary" and "Secondary" to also connote some level of effort or time because, in weeks of low activity, they chose a Primary Activity (to say they did some work) and then selected "No Project Work Done" for the Secondary Activity (to say that they didn't have time for anything else).
Within the current research method, there is no measure to indicate validity. We do not know whether students correctly identified their activities.
Preliminary Survey Results
At the macro level -without any breakdown per student, project size, or department -the survey did yield a picture of the engineering design activities over the course of capstone project. The results are presented in two graphs in Figure 4 , for the fall and winter term, using the numbering for the design activities in Table 1 
CONCLUSION and FUTURE WORK
The trial run was successful. The timing and concentration of design activities were tracked over the course of a year for a large sample of students. We can expect to gain some interesting insights from the Design Process Survey to be run in full in the academic year 2013-2014, once the weaknesses of our methodology have been addressed.
Added constraints need to be added to the web service. The web form shall further enforce relationships between the Primary and Secondary Activities. The list of activities may also be expanded to include others defined in the CELT student [3] , particularly Implementation. The URLs sent to the students in the email will also be set to expire. Reminder emails will be sent mid-way through the week only to those students who have not yet submitted, in an effort to maintain participation.
Training of the students -possibly including their supervisors -needs to be improved to address concerns of reliability and validity. An introductory workshop is planned for each major group of students in which the meaning of each design activity will be explained and related to the different fields of engineering. The concise explanations included in the web form will be augmented by links to field-related exemplars.
